Abstract Response of four okra cultivars (Sabz Pari, Green Star, Arka Anamika and Pusa Sawani) to four humic acid levels (10, 20, 30 and 40 kg ha -1 ) along with control were studied during AprilAugust, 2015 at Dargai, District Malakand, Khyber Pakhtunkhwa-Pakistan. The experiment was performed in randomized complete block design with split plot arrangement. Different levels of humic acid were prepared and soil applied before seed sowing. Results indicated that cultivar Arka Anamika showed minimum days to emergence (6.87), first flowering (42.60 days), first picking (48.80 days) and maximum single leaf area (150.43 cm 2 ) and longer production duration (74.00 days) while cultivar Pusa Sawani showed maximum number of leaves (27.87). The maximum oven dried leaf weight (1.10 g) was noticed in cultivar Sabz Pari. Applications of humic acid @ 20 kg ha -1 showed minimum days to first flowering (47.75), first picking (47.75 days), maximum leaf area (150.25 cm 2 ), oven dried single leaf weight (1.23 g) and longer production duration (74.50 days). The application of humic acid @ 30 kg ha -1 produced maximum (28.25) number of leaves plant -1 . While non-significant effect on days to emergence was observed. On the basis of current experiment, it can be recommended that cultivar Arka Anamika should be used with the application of humic acid @ 20 kg ha -1 under the agroclimatic conditions of Dargai, district Malakand, Khyber Pakhtunkhwa-Pakistan to attain better growth for earlier and prolong production duration of okra for higher yield.
It is suitable for both kitchens gardening as well as on large scale for commercial purpose [1] . Majority of the area in Pakistan has suitable climatic conditions for the cultivation of okra but still the average yield per unit area is low as compared to other countries. The low yield might be due to low nutrition, environmental factors or genotype of the crop [2] . Different genotypes respond differently to environmental and climatic conditions, which results variation in most of the traits including; pod length, number of pods, pod weight and number of seeds pod -1 and therefore ultimately determine green pod and seed yield [3] . With improved cultural practices it is necessary to fulfill the nutrients requirement of the crop and grow high yielding cultivars to get optimum fresh pod yield. Addition of organic matters improves soil fertility and increases plant growth and yield. Humic acid is one of the most abundant forms of organic matter which is considered the most important component of fertile soils [4, 5] . Humic acid has important role in improving the chemical, physical and biological characteristics of the soil [6] . It has 50-90% cation absorbing capacity of mineral soils and hold the nutrients cations including; calcium, magnesium, potassium etc., in easily exchangeable form and prevent their leaching from soil profile with peculating water [6] . It also effects the composition of microbial populations in the soil and thus affects the biological characteristics of the soils [4] . Supplementation of crop with humic acid has drastic effect in active metabolism of plants, as it increases the respiratory activities of plants due to the presence of quinon groups [7] . Many researchers reported that application of humic acid to the soil, increase the uptake of macro and micro nutrients including; phosphorous, nitrogen, potassium, iron and zinc etc., and hence playing drastic role in the fulfillment of the nutrient requirements of the plant [8] . When the soil pH and temperature are unfavorable for plant growth, it shows antistress effect and helps the plant to withstand in adverse environmental conditions [9] . Keeping in view the importance of different genotypes and nutrients requirements of the plant for obtaining better growth for earlier and prolong production, the present study was conducted to test four okra cultivars in response to four levels of humic acid along with control for their phenological characteristics, leaf area and fruiting duration.
Materials and methods Experimental site and field preparation
The study was conducted in farmer field at Dargai, district Malakand, Khyber Pakhtunkhwa-Pakistan during April-August, 2015. The experiment was laid out in randomized complete block design with split plot arrangement with three replications. Each replication consists of 5 main-plots of size 5.40 m x 1.50 m, each main plot was divided into 4 sub-plots of size 1.35 m × 1.50 m. Four okra cultivars (Sabz Pari, Green Star, Arka Anamika and Pusa Sawani) were allotted to main plots while four levels of humic acid (10, 20, 30 and 40 kg ha -1 ) along with control were applied to the sub-plots. The distance between plantplant was maintained 30 cm while row to row distance was kept at 45 cm in each plot. In each sub-plot a total of fifteen (15) plants were planted in three rows, each row consists of five (5) 
Seed sowing
Seeds of all four okra cultivars were soaked for 24 hrs in distilled water before sowing so as to encourage germination. Sowing was performed in each plot, at each sowing spot, three okra seeds were sown so as to eliminate the chance of plant missing due to germination failure and after germination thinning was performed to maintain the desired planting density. All cultural practices including; irrigation, hoeing, earthing, fertilizer application and weeding was practiced uniformly in each plot.
Data collection
The data was collected on the following study attributes to compare the response of okra cultivars to humic acid levels on various characteristics.
Days to emergence
Days taken from sowing to 50% seed emergence of various treatments were counted and the average of all three replications of a treatment was calculated.
Days to first flowering
After seed emergence ten plants in each treatment were randomly selected for days to first flowering. The days from seed sowing to the flowering of 50% of selected plants were counted and average of three replications for each treatment was calculated.
Days to first picking
The days from sowing to the 50% of selected plants to first picking produce were counted and averages of all treatments were calculated.
Leaf area (cm 2 )
Randomly five plants in each treatment were selected for leaf area measurement. From each plant three types of leaves; top, middle and bottom leaves were selected for measuring leaf area through digital leaf area meter and the average of these three leaves were calculated for single plant and then for each treatment the average of selected five plants in each replication were calculated.
Number of leaves
The number of leaves were counted in randomly selected five plants in each treatment and the average of it were calculated. The average of all replications was carried out for each treatment.
Oven dried single leaf weight (g)
The leaves used for leaf area measurement of each treatment was oven dried for 48 hrs at 60 o C and then their weighing was carried out through electronic balance and the average for each treatment was calculated.
Production duration
Days from first picking to last picking for each treatment in each replication were counted and its average was calculated. Statistical analysis Statistical analysis was carried out at 5% level of significance through statistical software named "Statistix".
Results and discussion
Days to emergence Figure 1 shows days to emergence of various okra cultivars in response to different levels of humic acid. The results showed that emergence duration was significantly affected by different okra cultivars, whereas the application of humic acid doses has non-significant effect on days to emergence. Among okra cultivars, cv. Arka Anamika showed early seed emergence (6.87 days) followed by Pusa Sawani and Sabz Pari while Green Star showed maximum (8.47 days) to emergence. It might be due to their genetic diversity which affects emergence potential of a seed. The results are correlated with the findings of [1, 10] who found significant variation in days to emergence of okra genotypes. 
Days to first picking
The data regarding days to first picking are presented in Figure 3 . The current study showed significant response of okra cultivars to humic acid levels in first fruiting of okra. Cultivar Arka Anamika provided significantly early first picking after (48.80) days of sowing while cv. Green showed late first picking after (52.07) days of sowing. Difference in genotype affects various characteristics including; growth pattern, photosynthesis efficiency, and tolerance toward biological and environmental stress which are the key factors for growth and yield. Cultivar Arka Anamika provided early picking as compared to other under test cultivars it might be due to their more adoptability and suitability with the climatic conditions of the study area. In early study [1] also reported significant difference in first picking of okra cultivars. The amendment of humic acid @ 20 kg ha -1 showed minimum days to first picking (47.75) which is at par with 30 kg ha -1 while maximum days to first picking (54.17) was recorded in control plots. It might due to increase in nutrient uptake due to humic acid. Humic acid act like hormone in plant body and play a major role in cell elongation and improve fungal and microbial activities in the soil. Figure 4 shows data regarding single leaf area of okra in response to humic acid. The analysis of collected data showed significant role of humic acid on leaf area of okra. Maximum leaf area (150.43 cm 2 ) was noticed in cultivar Arka Anamika followed by Pusa Sawani and Sabz Pari while minimum leaf area (144.63 cm 2 ) was recorded in cv. Green Star. The variation in leaf area might be due to more adaptability, genetic compositions and suitability with environmental conditions of the study area of some cultivars more than others. 2 ) was noticed in control plots. Leaf area is directly proportional to the rate of photosynthesis which is the key factor of high quality and yield of a crop. The increase in leaf area might be due to increase in soil porosity, roots development and increase in nutrients uptake, such as nitrogen which is one of the basic elements for better vegetative growth of plant. Humic acid had the ability to improve ventilation, root respiration and boost up the biological processes in the soil which results in maximum nutrients availability and improve plant growth. The correlated study of [17] also reported significant increase in leaf area index of cowpea with addition of humic acid. were observed in control plots. The increase in number of leaves might be due to more uptakes of nutrient and suitable soil conditions due to the application of humic acid. The maximum availability and uptake of nutrients improved the plant growth and increase plant height which is the key factor for number of leaves. Similar study was also conducted by Brownell et al. Figure 6 . Mean data showed significant effect of humic acid application on leaf weight of okra cultivars while the interaction was found non-significant. Maximum leaf dry weight (1.10 g) was recorded in cv. Sabz Pari followed by Arka Anamika while minimum (0.87 g) leaf dry weight was observed in Green Star. The variation in leaf dry weight might be due to the more competitive quality and suitability with environmental conditions of some cultivars than other. Maximum nutrient uptake such as Nitrogen and Phosphorous, and high photosynthetic efficiency result in maximum leaf dry weight. The results are correlated with the findings of [23] who reported significant variation in shoot fresh and dry weight of okra cultivars. Maximum leaf dry weight (1.23 g) was recorded in the treatments where humic acid was applied @ 20 kg ha -1 which was statistically at par with 30 kg ha -1 whereas minim leaf dry weight (0.75 g) was noticed in control plots which was statistically at par with 40 kg ha -1 humic acid. The increase in leaf dry weight might be due to the more availability and uptake of N and P with the application of humic acid because it plays a vital role in boosting the biochemical and biological processes, synthesis of chlorophyll and availability and uptake of nutrients Figure 7 . The findings of research showed significant role of humic acid application on the production duration of okra cultivars while the interactive affect was found non-significant. Long productive duration (74 days) was observed in cv. Arka Anamika followed by Sabz Pari while shortest (71.40 days) productive duration was noticed in cv. Green Star. The difference in production duration might be due to the combination of environmental conditions and genotype of cultivars. Some cultivars showed more suitability or adoptability to the environmental conditions of the area than others which result in long productive duration. The results are correlated with the findings of significantly increased (74.50 days) the production duration of okra cultivars which is statistically at par with 30 kg ha -1 while minimum (70.75 days) production duration was recorded where humic acid was applied @ 40 kg ha -1 . The variation in production duration might be due the early flowering because of humic acid application. Humic acid have the ability to improve soil fertility, nutrients availability, soil porosity and nutrients uptake of plant. Humic acid have the ability of anti-stress effect when plant with stands in unfavorable environmental conditions. A correlated study of [14] stated similar results who reported early picking in okra with the application of humic acid. Similarly [26] reported prolong blooming period in snapdragon when humic acid was applied. 
Conclusions
From current study it was concluded that amendment of humic acid @ 20 kg ha -1 have the potential to induce early fruiting and prolong production duration in okra plant. Similarly the application of humic acid improved the vegetative plant growth including leaf area as well. It was observed that cv. Arka Anamika responded well in almost all the studied characters which shows genetically superiority or more suitability of this cultivars with the climatic conditions of Dargai, district Malakand, Khyber Pakhtunkhwa, Pakistan and can be recommended for better growth and prolong production duration which will result in higher yield. 
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